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(54) Solid oxide fuel cell 

(57) A solid oxide fuel cell including an electrode, a 
soIkI electrdyte, arxl an interconnector (4), wfierein a 
single cell (S) includes the electrolyte (2) tormed on a 
first main surface of a cell sut)strate (1) formed of afirst 
electrode material, a second electrode (3) is formed on 
top of the electrolyte, anti the interconnector is formed 
on a secorvi main surface differing from the surface 
formed with the electrolyte, the cell substrate is porous, 
flat-formed, and.has therein a plurality of f tew passages 
of the gas corresponding to ttie first electrode material, 



the flow passage of the gas is formed in multiple stages 
in the sut>strate, fcKming a plurality of gas fkw passages 
as supply passages (6) and a pturalrty of gas flew pas- 
sages as return passages (7), these supply passage 
and return passage communicate with each other at a 
gas turn back portion (8) in the 8ut>strate, and openings 
of the si4)ply passage and tfie return passage are 
located on a skie surface of the substrata 
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Description 

This invention relates to the stnjcture at a power generation cell of a solid Qxide fuel cell. 

In general, a solid oxide fuel cell (hereinafter referred to as "SOFC") t>asically has a structure which is consisted of 

5 an electrolyte having selective permeatxlity of oxide ion, an air electrode and a fuel electrode. The electrolyte is dis- 
posed between the air electrode and the fuel electrode, and the individual electrodes are supplied with a gas containing 
oxygen or hydrogen to generate a power. Of these, the solid oxide electrolyte is required to t>e a dense sintered body 
which is required to be superior in permeability of only oxide ion but have no permeattility of the gas. 

As a material of the electrolyte, yttria-stabilized zirconia (hereinafter referred to as "ySZ^ is used which is superior 

10 in permeability of oxygen ion. On the other harxi, of the two electrodes, the fuel electrode uses a cermet of nickel (or 
nickel oxide) with YSZ, and the air electrode uses LaSrMnOs t}ased sut}stance as an electrically-conductive composite 
Qidde tiaving a perovskite type structure. Specifically, one of ttie points to be noted when the cell is constructed from 
such materials is the corxluctivity of the individual oonponent Ck>nductivities of the tfiree components are approxi- 
mately 1000, 100, and 0.1 (S/on), respectively, in the decreasing order of the fuel electrode, the air electrode, and the 

IS electrolyte. Of these, since the electrolyte Is particularty small in conductivity, it is basically desired that the electrolyte 
is fonmed to a ttiin film as possble in view of the improvement of tfie power generation characteristics. However, wtien 
a cell is formed, the production method of the single c^l and connection of a plurality of cells should be sufficiently taken 
into consideratbn. As a result, presently, a variety of structures are selected in tfie cell productioa 

Fig. 7A and Rg. 7B show examples of cell structures of conventional SOFC produced in the past Fig. 7A shows a 

20 flat plate type cell 77 in which an electrolyte 71 is sandwiched between afuel electrode 72 and an air electrode 73. The 
electrolyte 71 has a thickness of 300 - 500 \im, the electrodes 72 and 73 have thicknesses of ip to lOOfun. and the 
entire cell has a thickness of about 500 - 700|im. The numeral 74 indicates an intercormector, and 75 is a fuel gas pas- 
sage, and 76 is an oxidant gas passage. 

Inddentally, to obtain such a thin three-layer staictured sintered body, ttier e is a difficulty in itself, but even if the sin- 

25 gle cell 77 can be formed, because the electrolyte 71. becorT)esthk:k in order to obtain a strerigththa^ 

ing for the connection of a plurality of cells, this portion has a high resistive loss, whk:h hinders ttie cell cftaracteristics. 
Further, in a power generation system of SOFC, such single cells have to t>e electrically connected in series. For this 
purpose, ttie single cells must be such ttiat they can be piled by using connection parts having gas supply grooves. 
However, because the mechanical strength of such a tttin film-structured cell is not high enough to withstand the piling, 

30 it is difficult to stack the single cells with a large force. As a result contact resistance be^een the cells increases, and 
tfie cell performance is not always sufficienL Furtfier, gas sealing is essential at the four sides around the cells, and it 
is diffk;ult to assure a sufficient sealat>ility. Therefore, the conventional m^hod is not sufficiently suited for the construc- 
tion of a power generation system having a practical capacity. 

As an aftemative, a metixxJ is considered which uses a porous inactive substance as a cell sipport Rg. 7B shows 

35 a partially enlarged figure of an example of a tutxjiar type cell using the meifiod. This cell 77 fias a structure in which 
ttie air elecb^ode 73, ttie electrolyte 71 , and the fuel electrode 72 are wound round in this order on the outer periphery 
of a support tube 78 tiaving a hollcw part as ttie oxkiant gas passage 76. The fuel gas passage 75 is disposed on the 
periphery of the cell 77. The numeral 74 indicates ttie interconnector. 

In this cell, since the power generating portion is formed on the surface of ttie substrate, the electrolyte can t>e 

40 formed sut>stantially thin, wtuch, as descrit>ed above, me^ the requirement of SOFC cell ttiat the electrolyte film toe 
formed thin. Further, since the cell is supported t>y the support tube, it has a high strength and stacking is easy. How- 
ever, in this cell, as a problem inherent to the shape of the cell, since current during pcwer generation fkws akxig tfie 
electrode layer, there is a large voltage drop in this portion, and high ponef generation ctiaracteristics are not achieved. 
Then, to reduce voHage drop due to current f k)w ak>ng ttie elecb-ode layer occurring in a tubular type cell, a mettiod 

45 is proposed which uses a hollow flat plate-fbrmed porous electrode as a cell substrate. Rg. 7C6tiowsacelloftttistype 
(Japanese Patent Application Laid-open ^kx 168729/1994). In the cell of this type, first since a ttiinfilm electrolyte can 
be formed as in ttie tubular type shown in Rg. 7B, and, furttier, ttie cell substrate comprises the porous electrode having 
a conductivity, the current during power generation can be flowed perpendicular to the cell, and power generation char- 
acteristics better ttian tfie tubular type can tie expected. However, in the cell of Rg. 7C, the gas ftow passage provided 

so in the electrode as the sutistrate is formed in two stages, gas supplied to ttie passage of one stage is preheated as it 
passes ttirough ttiere, after being turned back at the innermost of the substrate, and reaches the gas passage immedi- 
ately t>eneatti ttie power generation portion, where a reaction takes place. As described above, since the gas is pre- 
heated in ttie supply passage, a longer dwell time in the supply passage is advantageous to achieve sufficient 
preheating. However, from the shape of tfie gas flow passage stv>wn in the Rgure, the supply passage and the (fis- 

55 charge passage have the same cross-sectional forms, flow rates of ttie individual supplied gas are ttie same in ttie indi- 
vidual passages. Therefore, gas preheat is insufficient only in the supply passage, and preheat is continued after 
passing tfiroi^ tfie reiuni t)ack portion arid after reacNng the discfiarge passage, whe^ 

should t>e made^ As a result, a predetermined temperature is attained in ttie discharge passage, decreasing the surface 
area of the power generation portion effectively acting upon the power generation reaction, resulting in a reduced 

f ..- f 
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amount of power generation reaction as a whole. 

As described at>ove. a cell having sufficient power generation characteristics has not been achieved with a cell of 
the prior art structure. 

The present invention relates to a self supporting film type SOFC which uses a hollow flat plate type sut>strate as 
s a cell sii^strate comprising the electrode material arxl having therein a gas flow passage, discloses details of the struc- 
ture of the single cell and the stack. A primary object of the present Invention is to rnprove thin film formation of the elec- 
trolyte and gas sealability and easily achieve a high performance SOFC. 

The present invention provides a solid oodde fuel cell comprising an electrode, a solid electrolyte, and an intercon- 
nector, wherein a single cell comprises the electrolyte formed on a first main surface of a cell sut>strate formed of a first 
w electrode material, a seoorxj electrode Is formed on top of the electrolyte, and the interconnector is formed on a second 
main surface differing from the surface formed with the electrolyte, the cell substrate is porous, flat-formed, and lias 
therein a plurality of flow passages of the gas corresponding to the first electrode material, the flow passage of the gas 
is formed in multiple stages in the sut)strate, forming a plurality of gas flow passages as supply passages and a plurality 
of gas flow passages as return passages, these supply passages and return passages communicate with each other 
15 at a gas turn back portion in the substrate, and openings of the supply passage and the return passage are located on 
a side surface of the sut>strate. 

Here, the gas flow passage provided in the cell sutsstrate nay have a structure so that the flow rate in tfie supply 
passage of the gas supplied to the cell sut>strate is stower than the flow rate of the gas in the return passage. 

A total cross sectional area of the gas sipply passage provkied in the cell substrate m^ t>e larger than a total cross 
20 sectional area of the return passage. 

When the supply passage and the return passage are the same in cross sectional shape, the number of stages of 
the gas flow passage used tor the supply passage may t>e more tfian ttiat of the return passage. 

Small holes communicating the indrvkJual flow passages may be provkled in a partitkHi wall between the gas ftow 
passages of the supply passage and the retum passaga 
2s Each single cell may t>e nxxjnted in the state of face contact in series through a material having a gas permeability 
and a conductivity and, in this state, encased in a shell having a gas supply chamber for si^splying gas to the supply 
passage in the cell siijstrate. a discharge chamber of the gas returned from the retum passage, arxi a power genera- 
tion ctiamber supplied with the gas corresponding to the second electrode, of the gas flow passages, the supply pas- 
sage may be opened to the gas supply ctiamber, the retum passage may be opened to the gas discharge chamber, 
30 and the single cell unit may be disp(^ed in the power generatkm chamber supplied with the gas corresponding to the 
second electrode. 

(La^.xSr^yMnC^ may be used as the first electrode material constituting the cell sut)strate. nickel zirconia cermet 
as the second electrode material, and a zirconium codde doped with yttrium cmde as the electrolyte. 

TTie atxive and other objects, effects, features and advantages of the present invention will become more apparent 
35 from the following descriptkHi of the embodiments thereof taken in conjunction with the accompanying drawings. 

Fig. 1 A is a schematic perspective illustratkm of a single fuel cell of the first emtxxfiment of the preserrt invention; 
Fig. 1 B is a schematic A-A* cross secttonal view of a single fuel cell of the first embodiment of the present inventkm; 
Fig. 1 C is a schematic B-B' cross sectional view of a single fuel cell of the first embodiment of the present inventkm; 
40 Fig. IDisaschernatKC-C'crosssectkmalviewof a single fuel ceU of the first embodiiT^ 

Fig. 2A is a schematk; perspective illustration of a single fuel cell of a second embocSment of the present invention; 
Fig. 2B is a schematic D-D' cross sectk>nal view of a single fuel cell of the second emtxxiiment of the present inven- 
tk>n; 

Fig. 3 is a sctiematic perspective illustration of a single fuel cell of a third embodiment of the present irrvention; 
45 Fig. 4A is a schematic C-C' cross sectional view of a power gertera[tk}n nmdule incorporated with the single cell of 
the present invention; 

Fig. 4B is a schematic A-A' cross sectional view of a power generation nxxlule incorporated with tlie single cell of 
the present invention; 

Fig. 4C is a schematic B-B' cross sectional view of a power generation module incorporated with the single cell of 
so the present invention; 

Fig. 4D is a schematic plan view of a ceO holding plate of the present invention; 
Fig. 4E is a schematic D-D' aoss sectional view of the ceil hokfing plate. 

Fig. 5A is a scfiematic plan view showing a productk)n method of an electrode substrate of the present invention 
by an extruskm method; 

55 Fig. 5B is a schematic skle view showing a production method of the electrode substrate of the present invention 
by an extrusk)n mettiod. 

Fig. 5C is a schematic view stiowing a production method of the electrode substrate of the present invention by an 
extrusion mettiod; 

Fig. 6 is a schematic view showing a production method of an electrode substrate of the present invention by a 
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sheet lamination method; 

Rg. 7A is a schematic view showing the structure of a single ceil of a prior art flat plate type fuel cell: 
Ftg. 7B is a schematic view showing the structure of a single cell of a prior art tutxjiar type fuel cell; 
Fig. 7C is a schematic view showing the structure of a prior art hollow flat plate type fuel cell; 
s Fig. 8A is a schematic view sfKwnng the structure of a single fuel cell of a fourth embodiment of the present inven- 
tion (a cell having a larger sectional area of the supply passage than the return passage); 
Rg. 8B is a schematic A-A' aoss sectional area of a single fuel cell of the fourth embodiment of the present inven- 
tion; 

Rg. 8C is a schematic C-C cross sectional area of a sirtgle fuel cell of tfie fourth embodiment of the present inven- 
10 tion; 

Fig. 9 is a schematic view showing gas flow and diffusion corxfrtions in a single cell to which the present invention 
is applied; 

Fig. 1 0A is a graph shewing a gas temperature rise in a single cell to which tfie present invention is applied; 
Fig. 1 0B Is a graph showing the cunrent density at a power generation portion in a single cell applied with the 
15 present inverrtion. 

A major feature of the present invention is that a hotlcw flat plate type substrate in which a plurality of passages 
used for supply and discharge of a gas being formed of the electrode materials are disposed in multi-stages, and on the 
surface of wfiich are formed layers of the electrolyte aixj other electrodes. Heretofore, there fiave been used a type in 

20 which a tutxilar pipe comprising an inactive substance is used as a support tut>e, and electrolyte and electnxfes are 
formed on the surface, and a type in which three layers are formed in a flat form as a flat plate type cell. However, there 
has not been present one using a ceD sutistrate in which a pturalrty of gas supply arxl return passages are provided in 
stages in the substrate as in the present invention, and openings thereof are disposed on one side. Further, another 
feature of the cell is that tfie gas supply port and discharge port to the sii>strate are disposed on the s 

2S As a result when a stack is formed, this sutistrate is mounted, only tfie side where the openings are present is gas . 
sealed, and the gases flowed in and outside the substrate can be separated. Heretofore, there has not been present a 
single cell or a fuel cell using the cell structure or gas supply system like the present inventk>n. 

In the present invention, multi-stage gas passage provided in a hollow flat porous electrode are used for gas supply 
and discfiarge, in tfvs case, since the gas ftow rate in the supply passage is reduced compared to the return passage, 

30 when the sectkvial shapes of the supply and return passages are the same, a more nuniber of stages are used for the 
supply passage than for the return passage, or when the number of stages of the sipply passage is equal to that of 
return passage, the sectkxial area of the supply passage is made larger than that of the return passage. Tliis altows 
sufficient preheat of the gas in the supply passage and, after passing ttirough ttie turn back portion and wtien ttie r^m 
passage is reached, supply of sufficiently preheated gas. 

35 Further, by reducing the gas flow rate in the supply passage, some of tfie gas can be diffused in the sutistrate as 
porous sintered body and supplied into the return passage to generate a power, thereby achieving uniform power gen- 
eration reaction of the entire substrate in conjunction with the power generatk>n reaction occurring after the turn back 
portion of the return passage. 

Still further, to promote ttie gas diffusion b^een the supply and return passages, in the present invention, it is 

40 nrtade possO^e to provide smaU fiolescornrriunicating the iridividual passages in the part^ 

ply and return passages. This further enhances the effect of uniformization of power generation reaction by the partial 
diffusion of the gas in the substrate, which is descrbed abova 

EMBODIMENTS 

45 

Fig. 1A. Fig. 1B, Rg. 1C, and Rg. ID show an embodiment of the structure of a single cell of the solid oxide fuel 
cell acoon£ng to the present invention, of which Rg. 1 A is a perspective view, Rg. IB is an A-A' cross sectkxial view. 
Fig. 1C is a B-B' cross sectk>nal view, and Rg. 1D isa C-C* cross sectkxiat view. A single cell 5 of the present invention 
comprises a power generation portion in whk;h indivklual layers of a solkt oxide electrolyte 2 and a secorxi electrode 3 

50 arft frvmort r>n nrw ciiffarA nf an oinrtfnrio giihgtrq^^ 1 nf ai ch a stTucturft and an interconnectoT 4 IS Provided on the 
opposite side to the surface on wNch the pGwer generation portion is formed. Materials of the incfivktual parts will be 
descrit>ed in detan in the embodiment of cell construction, but the substrate fair electrode! is basnd on a Lq^yMnQ j 
composite oodde, the second ele ctrode is based on a rockel zirconia cenrtet^a ndLtfae^lec trolvte is based on YSZ. Fur- 
ther, the intercormector 4 is made of a LaCrps based substance wtiKh is stable under an ooddation-reduction envtron- 

56 mf^nt YPlhfrthfT th^^niirTTfYnlfrinTfif^p^ nT|a*T'^1r^^rP^y^*^^^ 7^ 

in the sutistrate, arvJ 9 is a support for supporting the upper and Icwer parts of the substrata 

Fig. 2A. Fig. 2B and Rg. 3 show other embodiments of a single cell of the sotti oxkle fuel cell according to tfie 
present invention. In the embodiment of Fig. 2A and Fig. 28, wtien a nxxJule is formed, inlets of the gas supply passage 
6 and gas discharge passage 7 into the substrate are narrowed in order to enhance the gas separation effect at the sup- 
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pty port of the gas supply passage 6 into the siiistrate and the discharge port of the gas discharge passage 7. Further, 
in Rg. 3, the gas passages 6 and 7 are formed In three stages and, in this example, the lower two stages are used as 
the supply passage (gas supply passage 6), and the upper stage is used as the return passage (gas discliarge passage 
7). However, selection of the number of these passages is flexible and, considering a gas preheating effect, tfie number 
5 of supply passage and the return passage can be appropriately selected. 

In the present invention, the single cell 5 is formed in this structure to ensure the cell strength. Therefore, the elec- 
trolyte may be as thin as several to several tens of \un. thereby substantially redudng the resistance of tfie electrolyte 
which is largely concerned with the cell performance. Further, the substrate is fonmed of an electrode material of high 
conductivity, is not simply hollow shaped, but is provided therein with a support Therefore, since the current flows 
10 through the support of the sut)stfate, the resistance can be prevented from increasing. As a result, even if the thickness 
of the hollow sii>strate is increased to about 1 cm, a deaease in resistar^ due to the tftin film formation of the elec- 
trolyte is greater than an increase in resistance of the substrate due to the increase in the thickness, which is not a prob- 
lem in view of the entire cell. Further, the gas supplied to the individual electrodes are perfectly separated ttetween the 
inside and outside of the electrode substrata Cross leak of the individual gases can be positively prevented by provid- 
es ing a seal on one side of the cell. Yet further, the gas fkw passages in the &ut)strate are formed in multiple stages, the 
individual passages are supply and return passages, and since these passages communicate with each other at the 
innermost of the substrate, after the gas reaches the innermost of the substrate, it is turned back to be st^splied to the 
reactKHi section, and the gas can be preheated during this period. In this case, the gas supply port and the discharge 
port are located on the same side surface, but are not positioned on the same straight line. Therefore, separatfon of the 
20 individual gas can be effectively achieved by sealing the skJe surface where the gas supply port and the gas discharge 
port exist. 

In the prior art flat plate type, a self supporting type cell in which the electrolyte itself is used as a pHlar, provided 
with two electrodes on the surface, the electrolyte which is to be formed to a thin film canmt be formed thin in order to 
ensure the cell strength, which is a main cause of resistance of the entire cell. Further, sealing is required on the four 

25 sides around the cell. However, the present invention has not such a problem. Further, although the electrolyte can be 
formed to a ttiin film in the prior art tubular type cell, the power generatk>n cun-ent f k)ws in tfie horizontal direction in the 
electrode layer, wfiich results in an increase in resistance, hlowever, wrtii the ceO according to the present invention, tfie 
current is f k>wed in the directk>n vertical to the substrate by using a hollow flat sut)6trate, theretiy preventing a specific 
current flow occurring In the tubular type with no degradation of the power generation cfiaracteristics. 

30 Next, the stnx:ture of a power generation nxxfule constructed by combining the thus produced single cells 5 will be 
shown. Fig, 4A, Fig, 4B, Fig. 4C, Fig. 4D, and Fig. 4E show combination examples of the power generatkxi module in 
the present inventkxi. Here, a rrKxlule using the single cells as sfiown in Fig. 2A arxj Fig. 2B will be described. 

In the Figures, the numeral 40 incScates a cell fiolding plate, 40-1 is a gas sipply slit 40-2 is a gas discharge slit. 
41 is a cell supporting plate, 42 is a shell, 43 is an ooddant gas supply port 44 is an oxidant gas discfiarge port. 45 is a 

35 fuel gas supply port, 46 is a fuel gas discharge port 47 is a power generatfon channt>er, 48 is an ooddant gas supply 
chamber, 49 is an oxidant gas discharge chamber, 50 is a corxfuctive spacer, 51 is a corxjuctor. and 52 is a seal. (In 
the Rgures, for the description of the structure, the fuel gas supply port 45 and the fuel gas discfiarge port 46 or tfie 
oxidant gas supply port 43, the oxidant gas discfiarge port 44 are sfiown on the right and left side surfaces of the shell 
42, theyarelocatedontfiefront(orbacl^e)surfaceoftfiepaperinviewofirrprGvenrierrt of contact of 

40 fuel electrode or the gas with tfie air electroda) 

In constructing the module, the single cell 5 is positioned by the cell supporting plate 41 and the cell holding plate 
40 and. in this state, encased in the shell 42. The cell holding plate 40 for holding the single cell 5 is provided with the 
gas supply slit 40-1 and the gas discharge slit 40-2. whereby making gas supply to the substrate and discharge of gas 
unused in the reaction. On the otfier hand, the fuel gas is supplied from the fuel gas supply port 45 to the power gen- 

46 eration cfiamber 47, and unreacted fuel and water vapor as a reaction product are discfiarged from the fuel gas cfis- 
cfiarge port 46 to the oulsida As shown in tfie Figure, corxluctive spacers 50 conprising a material which is superior 
in gas permeability such as nickel felt are disposed between the single cells, and the tndividua] cells are assembled in 
a face contact stata Therefora the individual cells are electrically connected in series, and the fuel gas can be ^ 
dently sufiplied to the power generation section wittxHJt hindering diffusion of tfie gas t>etween the indivklual cells to 

50 generate a power. 

Next operation of the SOFC of the present invention will be descrft>ed. 

In tfie operation of the SOFC of tiie present invention, similar to the conventional SOFC, the power generation mod- 
ule is installed under the teiinperature condition of 900 to lOOO^C. and each gas is supplied. Th^ 
from ttie ooddant gas supply port 43, reaches and passes inside of each single ceO Sthrough the gas supply sirt 40-1, 
55 preheated during this tima after passing through the turn t>ack portion, and reaches the cell formation section, where 
the reaction takes placa arvJ then tfie residual gas reaches the oxidant gas discfiarge chamber 49. Therelbra of tfie 
gas passages provided in ttie sut)strata ttie portion betore tfie turn t)ack portion acts as a gas preheating portion. On 
ttie ottier hand, ttie fuel gas is supplied from ttie fuel gas supply port 45 provided on the side surface of ttie shell 42 to 
the inskle of tfie power generation cfiamber 47, wfiere power generation is carried out. At tfiis time, altfiough the sip- 
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plied fuel gas flows into gaps of the porous conductive spacers 50 disposed between ttie individual cells wtiere it reacts, 
diffusion of tfie fuel gas to the electrode is can^ied out without disturt}ance. Then, the fuel gas which is not consumed tjy 
the reaction in this portion is discharged from the fuel gas discharge port 46 to the outside of the shell 42. 

A major advantage of the module using the single cell of the aboveKlescribed structure is that the supplied gas can 

s be preheated within the substrate. That Is. since the gas passage is formed in stages in the sutistrate, in the supply pas- 
sage no reaction takes place until reaching the innermost portion of the substrate, and after passing through the turn 
back portion the entire surface is supplied with the gas to start the reaction. TTierefbre, as in gas supply method of the 
prior art flat plate type cell, since gas supply to the entire surface of the cell is made simultaneously, the power gener- 
ation reaction in the cell can be uniformized. Further, the gas before being used for power generation is preheated when 

10 it f tows in the sU>strate, since the gas absorbs heat at this time, thereby preventing local heating in the substrate and 
positively contributing to the uniform temperature distribution in the modula On the other ttand. when fhe gas supply 
and return passages are formed in the same stage in the substrate, the reaction takes place in the gas supply passage 
arxi the reium passage, since the gas concentration in the individual passages is high only in the supply passage, an 
unbalance occurs in the power generation causing a distribution of temperature in the right and left portions of the sub- 

15 strate. which may lead to a damage to the substrate due to a thermal stress. However, with the structure of the present 
invention, occurrence of local heating and temperature distribution within the sut>strate can be prevented. 

Rg. 8A. Rg. 8B. and Fig. 8C show the single cell cross sectional structure of another embodiment of the solid oxide 
fuel cell according to the present invention. Rg. 8A. Rg. 8B, and Rg. 8C show a case where the cross sectional area 
of the si|3ply passage is larger than that of the return passage, and the flow passages differ in shape t>etween the sup- 

20 ply passage and retum passaga An exanple where the individual passages are the same in shape, and a plurality of 
stages of gas passage are used in the supply passage is as already shewn in Rg. 3. 

Rg. 9 shows a aoss sectional view taken parallel to the ftow passage of the substrate shown in Rg. 8A, gas flow 
in the passage, and gas diffusion condition in the substrate. As shown, the gas flowing into the supply passage, while 
being preheated in the supply passage, reaches the retum passage through the turn back portion and, at the same 

25 time, part of the gas partly cfiffuses to the retum passage side after flowing in to begin the reaction there. In addition, at 
tills time, small holes 91 can be provided in the partition between ttie supply passage and the return passage, thereby 
promoting gas diffusion from the supply passage to the return passaga 

As described above, in the present invention, even when the passages are the same in sfiape, the supplied gas 
can be supplied to the entire surface after it is passed through the turn back portion in the substrate, thereby starting 

30 the efficient reaction. This is similar to ttie gas supply method of the prior art flat plate type cell. However, depending on 
the flow rate of ttie supplied gas. ttie power generation reaction rate is high at ttie portion after passing through ttie turn 
back portion and flowing into the r^m passage, ttiere may be a danger of occurrence of kx:al heating at tfiis portion. 
However, with the sut>stFate of ttie structure as shown in Rg. 8A. the gas in the supply passage is suff ictentty preheated, 
and gas cfiffusion is partially made from the supply passage to the relum passage to promote pcwer generation reac- 
ts tion, thereby suppressing local heating in the sutistrata 

Rg. 10A and Rg. 10B individually show ttie increasing condition of ttie gas temperature in the supply passage and 
ttie return passage (Fig. 1 0A), and changes in ttie generation current density akxig ttie gas flow passage on ttie surface 
of tfie power generation section (Rg. 1 0B), when the gas ftow rate in the supply passage is decreased or not. It can t>e 
seen from the Figures tfiat gas preheating is sufficienUy made by reducing the gas flow rate in the supply passage. Fur- 

40 ther, from the cunrent density in ttie power generation section at this tinie, ft can be seen that the generations^ 

sity is high as a wtide, witti a small bias in the distribution. On ttie ottier hand, when ttie gas ftow rate in ttie supply 
pa^ge is not reduced, increase of ttie gas temperature is delayed, and preheating is still made after reaching ttie 
return passage, and the distrtoution of the generation current density t)ecomes large. Further, ttie generation cun-ent 
value is tow as a wtiole and, as a result, the total power generation amount is decreased. 

45 Next a detailed embodment of construction metfxxJ of the single cell of the present invention will be desait>ed. In 
the present invention, a substrate having ttierein gas passages is produced from the electrode material, and on one 
side of which ttie electrolyte and the other electrode are formed. In this embodiment a hoacw substrate was first pro- 
duced from ttie electrode material, ttien ttie electrolyte and ttie ottier electrode were formed ttiereon. 

As an electrode material to form ttie sid3Strate.(Lai.x^x)Mn03 having a perovskite structure was adopted which is 

so generally used as an air electrode material of SOFC, of which powders of Lao gSro^MnQs ^ Lao^Sro.tMnC^ having 
adiameter 1 -3^m were used. The substrate was produced t>y an extrusion mettiod,arKl the power generation cell was 
formed on ttie sintered body. 

Extruston mokfing can be easily carried out by using a die having the same as the cross section of ttie substrata 
The tfius produced mokling was partially processed and ttien sintered to obtain a substrate same as the objective ona 

55 The partial processing is ttie same as processing Of ttie portion corresponcfing to the tip ard the inside of ttie b^ 
tion of the substrata In the processing, as stiown in Rg. 5A, Rg. 5B, and Fig, 5C, the inside at both the tq;> and base 
was partially cut (ttie hatched parts in Fig. 5A to Fig. 50), where a part comprising the same material was mounted to 
be integrated (Fig. 50). 

Extrusion molding requires a dayey material, and to obtain such a material, the raw material powder was mixed 
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Raw material powder 


100 


Binder 


uptoS 


Plastidzer 


2-5 


Solvent 


10-15 



10 

As the Ijinder, a methyl cellulose type water-soluble polymer (METOLOSE 60SH-4000 manufactured by SWn-Etsu 
Chemical) was used. In extrusion, finishing of the molding is largely affected by the viscosity of the material, for exam- 
ple, when the anraunt of water is low, tt>e extrusion pressure becomes high, which may cause cracking during molding, 

15 or when the water content is high, it may t>ecome difficult to maintain the hollow structura After trials as to the mixing 
ratia it was possit>le to produce a satisfactory molding with the above-described mixing ratia 

In additioa drying of water and burn out of binder are required in the sintering of the extrusion molded body. After 
the molding was thoroughly dried, it was burned out at about 400*^0 which was selected according to the decomposrtton 
temperature of the binder. It was sintered at 1250 to 1350"C for up to 10 hours to produce an air electrode hollow sub- 

20 strate having outer size of 70 x 150(mm) and thickness of up to 8mm. Further, since the progress of sintering is affected 
by the particle size of the raw material powder used, the tefrperalure and time was selected taking such an influence 
into consideration- Thus, a sintered body with a porosity of 25 to 35% was obtained. It had a conductivity of about 1 00 
S/cmat1000"C. 

On the thus produced electrode substrate, an Interconnector was formed by a plasma spray method. The spray 
25 machine used was of an air plasma £pray type, and a Lao gCao.iCrOs powder was sprayed to form a Urn wrth.a thick- 
ness at around 100 |im having a gas permeabiDty on the order of 10'^ (cc -cmfeec • (g/crn^cm^. 

After that the electrolyte and fuel electrode thin films were formed by an EVD method. As an EVD apparatus, an 
"electrochemical deposition apparatus" (Japanese Patent Appltcalion Laid-open No. 73546/1994) was used to form ttie 
films using yttrium chloride and zirconium chforide as raw materials at a tenperature of SOO'C and a reaction pressure 
30 of 1 Torr. As the electrolyte, a composition of zirconium oxkte mixed wTth 8 mol% of 

structure (YSZ) was used. The tfvckness of the film-formed YSZ was about 20^m. Then, on the YSZ film, a fuel elec- 
trode was formed. To form the electrode, a nickel metal powder in tfie form of a stunry was coated on the YSZ film, and 
then subjected to EVD under the same conditions. 

Next an embodiment of simultaneous formation of substrate and electrdyte/electrode films by a co^iring metiiod 
35 wiDt>edescrft>ed. 

In the co-firing method, a sheet-formed nnolding of each material is formed by a doctor tilade metfiod, and these 
sheets are appropriately laminated arxJ ttiermally fused to form a green body of tfie holfow &ut>strate, which is ttien sin- 
tered. The doctor blade method requires a high-viscosity slurry, and ttie slurry was obtained by the toflowing mixing ratfo 
(by weight). 

40 





Raw material powder 


100 




Binder 


10-15 


45 


Plasticizer 


5-10 




Sotvent 


200 



so As the binder, poly vinyl butyral was used, di-n-butyl phthalate was used as the plasticizer, and iso-propyl akxM 
was used as the solverTt. The reason why tfie amounts of the binder and tfie plasticizer have some 
particle size and surface area differ depending on the materials used, and the properties and shrinkage of the slurry 
become different, which are to be appropriately adjusted. It is important in co-firing ttiat the shrinkage of the green sheet 
of the sut}iect material is made as unifomn as possible and, tor this purpose, the mixing ratio of the slurry is adjusted. 

55 After such a slurry was agitated by a ball mill for about 24 to 48 hours, it is deaerated under a vacuum to remove ttie 
solvent and adjust the viscosity, and then a sheet-formed molding was obtained by a doctor blade apparatus. Such 
sheets were cut to a predetermined size; and heat pressed under ooncfitions of 70-80*0 and 30-70 kgft^m^ to produce 
a fused body of the sheets. Shape of each part of the holfow body couM be flexibly modified to the desired shape by 
changi ng the shape or nuTTt>er of ttie sheets to be stacked in this stage. 
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A method for produdng the hollofw suiislrate of the present invention by heat pressing of the sheets is schematicaJly 
shown in Rg. 6. Such a pressed body of the sheets was burned out and then sintered to obtain a single cell comprising 
the substrate and the electrolyte and electrodes fanoed. The bum out and sintering conditions were almost the same 
as those for the extrusion nnolded body descra>ed above. Finally, an about 100 |un thick interconnector comprising 
5 Lao gCao.iCrOs was fbmied on the sintered body using the plasma spray apparatus shown above. Further, the side of 
the substrate with insufficient interconnector formation was coated with glass paste to ensure gas sealability of the sub- 
strate. 

As desabed above, in the SOFC of the present invention, an electrode substrate is produced which has a structure 
having a plurality of passages for permeating the gas, the passages being formed in multiple stages in the inside to form 

10 supply passages and return passages, on the surface of which the electrolyte and other electrodes are formed to yield 
a cell. These cells are face contacted through conductors and encased in a shell to form a module. 

Before the present invention, there were SOFCs represented by the flat plate type and the tubular type. However, 
in the flat plate type, it was difficult to reduce the cell resistance, further, a gas sealing was indispensable, and rt was 
difficult to ensure gas sealability over an extended period of time under the present circumstances where a glass-based 

15 sealing agent must be used. Further, there was a danger of damaging the cell during temperature increase t>ecause a 
force may be generated arxl added to each single cell due to the softening temperature of the glass-based material. On 
the other hand, the tubular type has an advantage ttiat the ceil strength is high since the power generation section is 
fornred on the surface of the support and the electrolyte can be formed substantially thin. However, to the contrary, as 
a problem conung from the cell shape, since the current of power generation flows along the electrode layer , there is a 

20 large voltage drop in this portion, and high power generation characteristic cannot be acNeved. 

Further, in addition to the above two methods, there was a method which uses a hollow flat plate-foniied porous 
electrode as a cell si^jport 

In the cell of this type, the cell support comprises a porous electrode having a conductivity, and it can be expected 
to have power generation characteristicssuperior to the tubular type. However, the electrode used asthe stpport tspro- 

2S vided with gas passages formed in two stages, a gas supplied to one of the stages is preheated during passing there 
and, after turned backat ttie innermost of the support reaches the gas passage just t}eneath the power generation sec- 
tion where the reaction is started. Although a fonger dwell time in the stfiply passage is advantageous to achieve suf- 
ficient preheating, from the shape of the gas passages shown here, since the supply passage and the return passage 
are the same in cross sectional shape, the flow rates of the sLf)plied gas in the individual passages are the same, gas 

30 preheating is insufficient only in the supply passage. Preheating is continued wen after passing through the turn back 
portion and reaching the relum passage where the power generation reaction is to be carried out Therefore, the pre- 
determined temperature is reached in this retum passage, which results in a reduction in the power generation section 
area effectively acting for the power generation reaction, and there is a defect in that the power generation amount is 
decreased as a whole. 

35 On the other hand, in the cell of the present invention, the two types of gas required for the reaction are completely 
separated between inside and outside of the substrate until the reaction is completed, and ttecause sealing is neces- 
sary for only one portion of the cell, the rrKxIule can be assennbled without gas leakage from the periphery of the cell 
as seen in the prior art flat plate type cell. Further, inside the module, connection of ttie indvidual single cells is 
achieved by an elastic porous conductor. Therefore, electrical connection between cells can be assured even if ttie f lat- 

40 ness is not high as required in the prior art cell, and the module can t>e easily assembled. 

Further, in the present invention, gas passages of a plurality of stages for gas supply and discharge are provided 
in the holfowflat plate-formed porous electrode, in this case, to reduce the ffow rate of the gas in the supply passage 
as compared to the gas ffow rate in the retum passage, the number of stages of the gas passage used in the sipply 
passage is greater than that of the return passage, or the supply passage is made larger in cross sectional area oom- 

45 pared with the return passage. This allows sufficient preheating of the gas in the supply passage, a suffk»entty pre- 
heated gas can be supplied at the time the gas passes through the turn back portion and reaches the retum passaga 
Yet further, by reducing the gas ffow rate in the supply passage, part of the gas can be diffused in the substrate as the 
porous sintered body and supplied to the retum passage to generate a power, which, in combination with the power 
generation reaction occuning at the turn back portion of the passage, enabHes uniform power generation reactfon in 

so wfx>le sutjstrate and tfien enables unifbrm temperature distribution in whole substiate, theret>y preventing the sutistrate 
from b&ng damaged by a thermal stress due to a temperature distribution. further, by efHctent gas preheating aixl 
partial gas supply by diffuston, uniform power generation reaction over the entire substrate arvJ an irKreased generation 
amount can be achieved. 

Still furtfier, in ttie present invention, to promote such gas diffusion between the supply passage and the retum pas- 
55 sage, small holes convnunicating with the indivtdua] passage can be provided in the partition wan between the supply 
passage and return passage, and uniformization of power generation reaction by gas difhision is possible even when 
the outer cGmensfons of the substrate are large and the flow passage is long. 

Prior art flat plate type and tubular type SOFC had a major disadvantage that a cell itseK which 
generation ct^aracteristics is difficult to be achieved. However, in the present invention, as a result of the at)ove- 
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described cell structure, various problems of the prior art cell are eliminated, arxl an SOFC having high power genera- 
tion characteristics can be achieved, which is very advantageous for the industry. 

The present invention has been descrit>ed in detail with respect to various embodiments, and it will raw be appar- 
ent from the foregoing to those skilled in the art that changes and modifications may be made without departing from 

5 the inverrtion in its txoader aspects, and it is the intention, therefore, in the appended claims to cover all such changes 
and modifications as fall within the true spirit of the invention. 

A solid aodde fuel cell including an electrode, a solid electrolyte, and an interoonnector (4), wherein a single cell (5) 
includes the electrolyte (2) formed on a first main surface of a cell substrate (1) formed of a first electrode material, a 
second electrode (3) is Ibmned on top of the electrolyte, and the interconnector is formed on a second main surface dif- 

10 fering from the surface formed with the electrolyte, the cell sut}strate is porous, flat-formed, and has therein a plurality 
of flow passages of the gas corresponding to the first electrode materia), the flow passage of the gas is formed in mul- 
tiple stages in the sut)strate. forming a plurality of gas flow passages as supply passages (6) and a plurality of gas flow 
passages as return passages (7), these supply passage and return passage corrYnunicate with each other at a gas turn 
back portion (8) in the substrate, and openings of the st4>ply passage and the return passage are located on a side sur- 

15 face of tfie 6ut)strate. 

Ctalms 

1 . A solid oxide fuel cell characterized t>y comprising an electrode, a solid electrolyte, and an interconnector, wherein 
20 a single cell comprises said electrolyte formed on a first main surface of a cell substrate formed of a first electrode 

material, a second electrode is formed on top of said electrolyte, and said interconnector is formed on a second 
main surface differing from tt>e surface formed with said electrolyte, said cell sut>strate is porous, flat-formed, and 
has therein a plurality of flew passages of the gas corresponding to the first electrode material, the flow passage of 
said gas is formed in multiple stages in the sti>strate, forming a plurality of gas flew passages as supply passages 
25 and a plurality of gas ffow passages as return passages, these supply passages and return passages communi- 
cate with each other at a gas turn back portion in the substrate, and openings of said supply passage and said 
r^m passage are located on a side surface of the sutjstrate. 

2. The solid oodde fuel cell as claimed in Claim 1, characterized in that the gas flew passage presided in the cell sub- 
30 strate has a structure so that the flow rate in the supply passage of the gas supplied to the cell substrate is slower 

than the flew rate of the gas in the return passage. 

3. The solid oxide fuel cell as claimed in Claim 2, cfiaracterized in tfiat a total cross sectional area of the gas supply 
passage provided in the cell substrate is larger than a total cross sectional area of the retum passaga 

35 

4. The solid oxide fuel cell as claimed in Claim 3, characterized in that when the supply passage and the return pas- 
sage are the same in cross sectional shape, the nunnber of stages of the gas flow passage used for the supply pas- 
sage is rxKxe ttian tfiat of the return passage. 

40 5. The solid oxide fuel cell as claimed in Claim 1 . characterized in ttiat small holes communicating the indvidual flow 
passages are provided in a partition wall between ttie gas flow passages of the supply passage and the retum pas- 
sage. 

6. The solid codde foel cell as claimed in Claim 1, characterized in that each single cell is mourned in the state of face 
4s contact in series ttirough a material having a gas permeat>i]ity and a conductivity and, in this state, encased in a 

shell having a gas supply chamber for supplying gas to the supply passage in the cell substrate, a dtscfiarge cfiam- 
ber of the gas r^med from the retum passage, and a power generation chamber supplied with the gas corre- 
sponding to the second electrode, of the gas flow passages, the supply passage is opened to the gas supply 
chamber, ttie retum passage is opened to ttie gas discharge chaiTt>er. and ttie single cell unit is disposed in said 
50 power generation chamber supplied with the gas corresponding to the second electroda 

7. TTie solid ODdde fuel cell as claimed in Claim 1. characterized in that (Lai.xSrx}yMn03 is used as the first electrode 
material constituting the ceil siiTStrate. nickel zirconia cermet as the second electrode material, and a zirconium 
oodde doped with yttrium oodde as the electrotyta 

55 
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FIG. 3 
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FIG.4A 
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FIG . 7A (PRIOR ART) 




FIG .7B (PRIOR ART) 
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